Intracontinental basins that lack obvious compartmentalization and extensional faults may lie inboard of, and have the same timing as, rifted continental margins. Neoproterozoic successions of northwest Laurentia are an example where rift and intracontinental basins are spatially and temporally related. This study describes Tonian-Cryogenian pre-rift strata of the upper Shaler Supergroup, deposited in the Amundsen Basin (Victoria Island, Canada), in which five transgressive-regressive (T-R) cycles are identified. The pre-breakup succession in the Amundsen Basin has stratigraphic architecture that differs from adjacent, fault-bound rift basins. There is little evidence for extensive progradation, which resulted in broad, layer-cake stratigraphy where shallow-water facies predominate, deposited on a storm-dominated ramp. Correlation between the Amundsen and Fifteenmile (Yukon) basins is complicated by differing rates and regimes of subsidence, with the exception of a basin-deepening event that occurred in both basins and correlates with the global Bitter Springs isotope stage, initiating sometime after ∼811 Ma. Contrary to previous correlations, we propose that the upper Shaler Supergroup and Little Dal Group of the Mackenzie Mountains Supergroup (Mackenzie Basin) are equivalent to the entire Fifteenmile Group. The identification of cycles and subsidence patterns in the Amundsen Basin prior to Rodinia break-up has implications for understanding the stratigraphic architecture of other intracontinental sag basins. We recognize three tectonostratigraphic units for the upper Shaler Supergroup that record an initial sag basin, followed by early extension and thermal doming, and finally rifting of the Amundsen Basin. Subsidence possibly was related to multiple cycles of intra-plate extension that complemented coeval fault-controlled subsidence. Analysis of pre-rift strata in the Amundsen Basin supports multi-phase, non-correlative break-up of Rodinia along the northwest margin of Laurentia.
Introduction
The Neoproterozoic was a dynamic era in Earth history, during which major changes in the isotopic composition of seawater (e.g. Halverson et al., 2007) , the evolution of early animals (e.g. Morris, 1993) , low latitude glaciations (e.g. Kirschivink, 1992) , and the formation and breakup of the supercontinent Rodinia occurred (e.g. Hoffman, 1991) . Recognition of a late Mesoproterozoic supercontinent evolved from the correlation of sedimentary successions between northwestern Canada and Australia (Eisbacher, 1985; Bell and Jefferson, 1987) ; and reconfiguration of remnant Grenville terranes (1200-960 Ma) preserved on several continents (Moores, 1991; Gower and Krogh, 2002; Davidson, 2008) . In most reconstructions of Rodinia, Laurentia is interpreted to have formed the core of the supercontinent (e.g. Hoffman, 1991; Li et al., 2008) . The Amundsen and Mackenzie basins are considered to have been embayments of an epeiric sea that covered northwestern Laurentia during the time between amalgamation and break-up of Rodinia (Fig. 1; Young, 1981; Rainbird et al., 1996) . There remains debate about the paleogeographic fit of the continental blocks that surrounded Laurentia, with numerous different models proposed (e.g., Hoffman, 1991; Brookfield, 1993; Borg and DePaulo, 1994; Dalziel, 1997; Burrett and Berry, 2000; Wingate and Giddings, 2000; Li et al., 2008; Evans, 2009; Li and Evans, 2011) . Questions also remain about the nature and timing of the break-up of Rodinia, Modified from Young (1981). in particular along the northwest margin of Laurentia. Studies of sedimentary rocks in the Ogilvie Mountains, Yukon (Macdonald et al., 2010 Halverson et al., 2012) , Mackenzie Mountains, Northwest Territories , and the Amundsen Basin, Northwest Territories (Rainbird et al., 1996) invoked different models for pre-720 Ma extension in a northwest-southeast orientation. Turner and Long (2008) attributed extension to simple shear, lower-plate upper-plate detachment along transfer faults for the Mackenzie Mountains Supergroup, whereas Macdonald et al. (2012) interpreted normal faults related to extension and to thermal decay of a mantle plume for the Fifteenmile Group. The interpretation of Macdonald et al. (2012) corroborates the interpretation of an intracontinental sag basin for the Shaler Supergroup (Rainbird et al., 1996) .
In this paper, we identify several transgressive-regressive (T-R) cycles, which help to provide a tectonostratigraphic framework for a succession in the Amundsen Basin, Northwest Territories (Canada) that corresponds to deposition ca. 900-780 Ma, prior to the breakup of Rodinia. Stratigraphic cycles record global to intrabasinal controls, and can be used to correlate and discriminate among coeval stratigraphic sections in now geographically disparate basins. It is well established that the Shaler Supergroup of the Amundsen Basin records deposition in terrestrial and rhythmically alternating restricted to open-marine conditions (Young, 1981; Rainbird et al., 1996) , but stratigraphic division that would better document the causes and responses of cyclic paleoenvironmental changes has previously been attempted only for the Kilian and Kuujjua formations (Rainbird, 1993) and Boot Inlet Formation (Narbonne et al., 2000; Fig. 2) .
Pre-breakup successions of intracontinental sag basins have stratigraphic architectures that differ from those of fault-bound rift basins and of passive margins where the geometry and architecture of thick prograding sequences can more easily be recognized (Lindsay et al., 1993; Vecsei and Duringer, 2003) . Sedimentation rates in the Amundsen Basin generally kept pace with, or were briefly outmatched by subsidence, and there is little evidence for large-scale progradation, thereby resulting in a broad layer-cake stratigraphy. Correspondingly, shallow-water facies predominate and were deposited on gently sloping ramps with little, if any, fault-bound compartmentalization. Assignment of subsidence mechanism, or the recognition that such cycles relate to pre-rift extension, is difficult. Despite the Amundsen Basin being a broad (∼300 km), shallow-water basin in which most of the sediments were deposited above storm wave-base (SWB), it is possible to identify cycles and interpret subsidence patterns prior to break-up of Rodinia, which has implications for understanding stratigraphic architecture of other intracontinental sag basins.
Regional geology
The Neoproterozoic (Tonian-Cryogenian) Shaler Supergroup is over 4 km thick in the Amundsen Basin (Fig. 2) , comprising in Fig. 2 . Geology of the Minto Inlier (after Thorsteinsson and Tozer, 1962) , study locations highlighted by stippled ovals, and lithostratigraphy of the Shaler Supergroup (after Rainbird et al., 1994 Rainbird et al., , 1996 . The ages shown beside the red stars are U-Pb ages, both from Franklin Gabbro sills . The ages shown beside the yellow stars are maximum depositional ages from U-Pb detrital zircon geochronology (Rainbird et al., , 1997 Rayner and Rainbird, 2013) . The ages shown beside the pink stars are Re-Os ages from black shale (van Acken et al., 2013) . Inset in top left corner shows Victoria Island in gray, the bounding box is the extent of the map. Re-Os ages from van Acken et al. (2013) , U-Pb detrital zircon ages from Rayner and Rainbird (2013) , and U-Pb lead ages from Heaman et al. (1992) and Macdonald et al. (2010). ascending order the Rae Group, Reynolds Point Group, and the ungrouped Minto Inlet, Wynniatt, Kilian, and Kuujjua formations. The sedimentary succession is intruded by diabase sills and dykes that fed the Natkusiak flood basalts, part of the ∼720 Ma Franklin Large Igneous Province (LIP) that was related to the rifting and break-up of Rodinia. Depositional ages of sedimentary units in the Shaler Supergroup are constrained by detrital zircon geochronology of sandstones and Re-Os geochronology of organic-rich black shale (Fig. 2) , but no tuffs have been discovered for precise U-Pb dating.
The Shaler Supergoup is exposed in several erosional windows throughout northwestern Canada; namely the Minto, Cape Lambton, Duke of York, Brock, and Coppermine inliers. Our study is of the upper Shaler Supergroup in the Minto Inlier, which exposes a broad northeast-southwest trending, gently dipping, anticline-syncline pair on northwestern Victoria Island, Northwest Territories, Canada (Fig. 2) .
Proterozoic stratigraphic successions of northwestern Canada were divided into three unconformity-bounded sequences, termed A, B, and C by Young et al. (1979) . The Shaler Supergroup and correlative rocks in the Mackenzie Mountains (Mackenzie Mountain Supergroup) and Ogilvie Mountains (Fifteenmile Group), constitute Sequence B (Fig. 3) , deposition of which postdates the end of the Grenvillian orogeny at ∼1000 Ma and predates breakup of Rodinia at ∼720 Ma in northwestern Laurentia Macdonald et al., 2010) . There are long-standing lithostratigraphic and sequence stratigraphic correlations among Sequence B strata (e.g., Young et al., 1979; Rainbird et al., 1996; Long et al., 2008) . In particular, Long et al. (2008) subdivided Sequence B into five sub-sequences (i.e. sB1 to sB5). In that sequence stratigraphic framework, the Jago Bay Formation belongs to sB3 and the Minto Inlet and Wynniatt formations fall within sub-sequence sB4, which correlate to the Little Dal Group of the Mackenzie Mountains and the upper Fifteenmile Group in the Ogilvie Mountains . Macdonald et al. (2012) documented eight sequences within the Fifteenmile Group (Fig. 3 ), correlating S5 with the Fort Collinson and Jago Bay formations and the upper three (S6, S7 and S8) with the Minto Inlet and Wynniatt formations on the basis of carbon isotope stratigraphy.
Sequence stratigraphy of the Kilian and Kuujjua formations was documented by Rainbird (1993) , in which four transgressiveregressive (emergent-submergent) cycles were interpreted. The Kilian and Kuujjua formations display northeastward stratigraphic thinning, erosional beveling, and evidence for block faulting, consistent with pre-eruptive crustal doming and mantle-plume generated asthenospheric upwelling related to the emplacement of the Franklin LIP.
Methodology
Fieldwork was undertaken in the summers of 2010 and 2011 with stratigraphic analysis focused in two areas with well-exposed stratigraphic sections (Fig. 2) . Twenty outcrop sections and two drill cores were measured totaling 23.3 km. Sedimentary descriptions described below incorporate previous work. Young (1981) . Sub-sequences sB1-5 after Long et al. (2008) . Higher order sequences for Fifteenmile Group after Macdonald et al. (2012) ; Kilian and Kuujjuua formations after Rainbird (1993) . The gray area represents stratigraphy that we consider correlative, with black dashed lines showing approximate correlations of cycles. See refs. Aitken, 1981; Jefferson and Parrish, 1989; Turner, 2011. 
Lithostratigraphy and sedimentology

Jago Bay Formation
The Jago Bay Formation, part of the Reynolds Point Group, conformably overlies sandstones of the Fort Collinson Formation (Fig. 2) , which is composed of cross-bedded quartz arenite and quartzose carbonate arenite interpreted to be of marine-reworked fluvial deposits (Rainbird et al., 1994) . The contact between the Fort Collinson and Jago Bay formations is gradational within an upward deepening succession between fluvial to marginal-marine deposits (Fort Collinson Formation) and marine carbonate rocks (Jago Bay Formation), which in turn shallow upward into a gradational contact with the overlying evaporitic Minto Inlet Formation. The thickness of the Jago Bay Formation is <65 m in the northeast Minto Inlier increasing to >200 m in the southwest Minto Inlier (Young et al., 1979) , consistent with overall thickening of the upper Shaler Supergroup to the southwest (Thomson et al., 2014; Long et al., 2008) . Rainbird et al. (1994) described it as an upward-shallowing succession of carbonate-rich sediments, from intertidal-lagoonal to supratidal and restricted intertidal. Where we observed the lower Jago Bay Formation in southwest Minto Inlier, it is composed of carbonaceous calcilutite with black shale interbeds, supporting a deep lagoonal depositional environment for the lower Jago Bay which transitions upwards into an openmarine setting indicated by the increased presence of molar tooth structure (cf. James et al., 1998) .
Minto Inlet Formation
The contact between the Jago Bay and Minto Inlet formations is not exposed, and is intruded by a diabase sill at the formational stratigraphic boundary in drill core, but appears to represent a gradational transition from supratidal and restricted intertidal carbonate rocks of the upper Jago Bay Formation (Rainbird et al., 1994) to supratidal maroon, gypsiferous carbonate mudstones that characterize the lower Minto Inlet Formation (Fig. 4) . The Minto Inlet Formation is between 260 m and 400 m (Rainbird et al., 1996) , and comprises rhythmically alternating bedded gypsum, gypsiferous shale, and carbonate. An informally defined lower evaporitic unit comprises interbedded red gypsiferous and calcareous siltstones, and thinly bedded gypsum and anhydrite. Ripple cross-lamination, chickenwire texture, satinspar veinlets, selenite crystals, and nodular anhydrite are preserved, consistent with a supratidal mudflat environment (cf. Kendall, 2010 ). An overlying lower carbonate unit is characterized by stromatolites, hummocky cross-stratified (HCS) calcarenite, and molar tooth structure in silty, carbonaceous lime mudstone. This lower carbonate unit is interpreted as a basin-freshening event with deposition occurring in a shallow subtidal environment. Bedded gypsum, chickenwire anhydrite, and satinspar veining characterize a middle evaporitic unit, and are interpreted as subaqueous evaporite deposition where gypsum was precipitated at the sediment-air interface producing cumulate gypsite deposits (Kendall, 2010) . The upper evaporitic unit contains rhythmically alternating limestone, interbedded limestone-siltstone-gypsum, and nodular gypsum. This upper evaporitic unit is interpreted to record alternating basin freshening and restriction in a shallow subtidal to supratidal depositional environment.
Wynniatt Formation
The contact between the Minto Inlet and Wynniatt formations is not exposed in the Minto Inlier, but is interpreted to be gradational, based on facies stacking patterns. The thickness of the Wynniatt Formation in Minto Inlier is ∼1000 m in the SW, decreasing to ∼480 m in the NE (Young, 1981; Rainbird et al., 2012; Thomson et al., 2014) . The Wynniatt Formation is divided into four informal members (Fig. 5 ), (1) Lower Carbonate member, an upwarddeepening succession of supra-to sub-tidal carbonate rocks; (2) Black Shale member, a recessive interval of dark-gray siltstone and silty shale deposited in a pro-delta setting; (3) Stromatolitic Carbonate member, comprising stacked upward-shallowing cycles of subtidal to supratidal carbonate rocks and, (4) Upper Carbonate member, an upward-shallowing succession from subtidal black calcareous shale to peritidal cross-bedded intraclast grainstone and stromatolitic limestone. The Wynniatt Formation is interpreted to have been deposited along a distally steepened carbonate ramp, dominated by storm-generated depositional processes, with minor reworking by wave-and tidal currents (Thomson et al., 2014) .
T-R Cycles
A transgressive-regressive (T-R) cycle is defined as a complete cycle between one deepening event and the start of the next event of the same scale, whereby one T-R cycle may be composed of several smaller cycles or, in turn, may be a part of a larger-scale cycle (Johnson et al., 1985) . Best used to document and characterize basin-scale changes in stratigraphy (Embry, 1993) , a T-R cycle is recognized by changes in facies stacking patterns that record upward-deepening and upward-shallowing successions, the change in which may be marked by a subaerial unconformity, regressive surface of marine erosion, shoreline ravinement surface, or flooding surface (cf. Embry, 2009 ). This method is a useful approach to understanding basin-fill patterns for a data set that is based on outcrop studies, in particular when rocks are poorly constrained in terms of geochronology, as is the case for the Amundsen Basin. Therefore, we follow stratigraphic models of Embry (1993 Embry ( , 2009 , and interpret several T-R cycles that are nested within the previously defined sequence stratigraphic framework of Long et al. (2008) and Young et al. (1979) , discussed above.
Intracontinental basins typically are shallow-water, long-lived depositories characterized by slow subsidence rates (e.g. Xie and Heller, 2009) . Sedimentation rates generally are lower compared to other types of basins, and sequences can be traced laterally for long distances (Vecsei and Duringer, 2003) . These shallow-marine sag basins present particular problems for documentation of cycles because base-level changes usually are subtle and their impact on facies tracts have wide lateral extent. Also, with poorly defined or very gentle slopes, changes are difficult to infer. Ramp, rather than shelf-slope geometries dominate, although some sag basins lack obvious seaward paleobathymetric changes. Documentation of accommodation cycles, and interpretation of their causes, is therefore a challenge. A sag basin generally exhibits such subtle stratigraphic changes that it is important to document and recognize the larger significance of what may be seemingly insignificant surfaces, within the context of internal facies stacking patterns.
Sequence sB3
Sequence sB3 in the Amundsen Basin comprises the Boot Inlet, Fort Collinson, and Jago Bay formations . Within sB3, we document one T-R cycle (T-R1), described below.
T-R1
The transition from emergent, re-worked fluvial deposits of the Fort Collinson Formation, through submergent peritidal and lagoonal carbonate rocks of the Jago Bay Formation, and back to emergent supratidal mudflat deposits at the base of the Minto Inlet Formation represents a transgressive-regressive cycle that we define as T-R1 (Fig. 4) . The contact between the Jago Bay and Minto Inlet formations (that is, the sB3-sB4 boundary), is not exposed, and in drill core is obscured by a diabase intrusion.
Sequence sB4
As defined by Long et al. (2008) , sequence sB4 is composed of the Minto Inlet and Wynniatt formations in the Amundsen Basin. Within sB4, we document four T-R cycles (T-R2 to T-R5), described below.
T-R2
T-R2 begins at the base of the Minto Inlet Formation, and extends upward through the base of the Lower Carbonate member of the Wynniatt Formation (Fig. 5) . The contact between the Minto Inlet and Wynniatt formations is not exposed in the study area, but it appears to be gradational with facies variations recording an upward-shallowing trend. The lower Minto Inlet Formation comprises maroon, gypsiferous lime mudstones that we interpret as shallow-water, marginal-marine deposits. These pass upward into subtidal carbonate rocks that suggest deposition in deeper water, open-marine conditions (Fig. 4) . The upper Minto Inlet Formation is composed of basin-central, sulphate crystal cumulate deposits (Kendall, 2010 ) that shallow upward into cyclically interbedded carbonate and evaporite rocks. The basal section of the overlying Lower Carbonate member of the Wynniatt Formation comprises shallow-water carbonate rocks with features that include mud-cracks, tepee structures, and halite pseudomorphs, thereby defining emergent conditions.
T-R3
The boundary between T-R2 and T-R3 is an erosion surface about 45 m above the base of the Lower Carbonate member in the southwest Minto Inlier (Fig. 5) . This surface can be traced ∼160 km across the Minto Inlier to a section measured in the northeast (Fig. 6) , however the surface there is not as well developed. Below that surface, the uppermost carbonate rocks of T-R2 relate to base-level low during which large-parts of the platform must have been periodically exposed and eroded. Above the surface, carbonate floatstone comprising clasts of peloidal floatstone and dololutite in a grainstone matrix (Fig. 6) , is interpreted to record subaerial erosion of the platform, and is defined as the basal unit of T-R3. Facies stacking above the floatstone unit is grossly upward-deepening (see below), such that the erosion surface fits the definition of a shoreline ravinement (cf. Embry, 2009) , that is, an abrupt, scoured contact whose overlying sediments fine upward as a consequence of water deepening.
The remainder of the Lower Carbonate member, above the shoreline ravinement, and the Black Shale member together preserve an upward-deeping facies trend (Figs. 5 and 6 ). While individual parasequences are upward deepening, commonly from black shale to cross-bedded intraclast grainstones that are overlain by columnar stromatolites; collectively parasequence stacking is upward deepening, as the proportion of shale increases up-section. A maximum flooding surface (MFS) is interpreted to occur approximately twenty meters above the base of the Black Shale member, at the position where there is no longer any carbonate and the shale is extremely fissile and lacks silt-sized grains (Fig. 5) . The MFS therefore records complete submergence of the platform below fair-weather wave base (FWWB), as hemipelagic sedimentation overwhelmed carbonate production.
Above the MFS in the Black Shale member, sedimentation units coarsen upward and shallow from an interpreted distal prodelta depositional environment to a peritidal flat and lagoonal depositional environment (Thomson et al., 2014) . This upwardshallowing trend defines the onset of the regressive phase of T-R3, as sediment flux offset generation of new accommodation.
T-R4
The boundary between Sequences T-R3 and T-R4 occurs near the base of the Stromatolitic Carbonate member and is preserved across Minto Inlier, being recognized in all sections where this sequence is exposed (Fig. 6 ). It is a surface characterized by karstification features such as irregular pitting and undercutting of the underlying orange-weathered stromatolitic dolostone and dololutite (Fig. 7) , Modified from Thomson et al. (2014). thereby identifying it as a subaerially cut unconformity. Overlying the unconformity is a thin bed of quartz arenite that locally contains a lag of pebbles and cobbles derived from the underlying dolostone. The quartz arenite is overlain by less than a meter of dolomitic siltstone with desiccation cracks, consistent with a shallow-water marine environment and drowning of the karstic surface.
A set of upward-shallowing parasequences makes up the remainder of T-R4 (Fig. 5) . Facies assemblages shallow upward from mid-ramp subtidal deposits, typically composed of interbedded molar-tooth mudstone and molar-tooth microspar packstone, to inner-ramp subtidal deposits, culminating at the top of the parasequence set with peritidal flat and lagoonal deposits, most commonly preserved as dolomitic siltstone with dessication cracks. The second parasequence identified in T-R4 (Fig. 5 ) is more than twice as thick (>50 m thick) as the other parasequences in T-R4, indicating that either there was a change in local subsidence rates or the identification of more parasequences is masked by the nature of the deeper depositional environment.
T-R5
There is a deeply scoured surface between the Stromatolitic Carbonate member and the overlying Upper Carbonate member. The surface separates, shallow-marine carbonate rocks at the top of an upward-shallowing parasequence set, from overlying, deep-water, black, nodular, calcareous shale at the base of an upward-deepening parasequence set. The Stromatolitic Carbonate member -Upper Carbonate member boundary is therefore interpreted to be a surface of maximum regression (MRS; Fig. 5 ). As a MRS marks the onset of transgression (Embry, 2009 ), the surface is also interpreted as the boundary between cycles T-R4 and T-R5.
The base of T-R5 is overlain by thin beds of limestone-pebble conglomerate that grade upward into calcareous shale, which in turn pass upward into black carbonaceous shale (Figs. 5-7) . The package is interpreted to represent the transgression, overlying which a MFS marks the change from upward-deepening to upwardshallowing facies, indicating the subsequent regression.
Above the MFS, a thick (∼160 m) upward-shallowing succession begins with carbonaceous, calcareous shale that pass upward into thinly bedded calcarenite turbidites. The depositional site is interpreted to have been outer-ramp. Above this succession is a parasequence set that alternates between inner-ramp deposits of interbedded cross-bedded intraclast grainstones, columnar stromatolites, and laminated dolomudstones (Fig. 5) .
Stromatolitic carbonate rocks at the top of the Upper Carbonate member are sharply overlain by ∼3 m of carbonaceous shale that grade into nodular gypsum; these evaporite rocks mark the base of the Kilian Formation (Fig. 6) . A hiatal surface is interpreted on the top of Upper Carbonate member, above the carbonate rocks and at the base of the shale, corresponding to a switch from open-marine carbonate rocks to a restricted, sabkha environment. An unconformity separates the Upper Carbonate member from the overlying Kilian Formation (Figs. 5 and 6 ), but outcrops are not laterally extensive, and there is no obvious evidence for subaerial exposure or stratal discordance. A hiatus across this boundary is interpreted to account for the abrupt change from open-marine carbonate rocks to sabkha evaporite rocks. Other changes that coincide with this interval include variations in sulfur and carbonate isotopes Prince, 2014 , Thomson et al., 2015 , and a switch to a subsidence regime interpreted to have been influenced by thermal doming in the overlying middle Kilian Formation (Rainbird, 1993) . Long et al. (2008) placed the sB4-sB5 sequence boundary at the boundary between the Wynniatt and Kilian formations and that interpretation is followed here.
Discussion
Correlation with adjacent basins
Neither sequence nor T-R stratigraphy has been documented for the Little Dal Group in the Mackenzie Mountain Supergroup. Sequences defined for the Fifteenmile Group of the Ogilvie Mountains are difficult to correlate with the upper Shaler Supergroup because deposition of the Fifteenmile Group was strongly influenced by local tectonism . Nevertheless, sequences within the Fifteenmile Group have been correlated across NW Laurentia using carbon isotope stratigraphy Fig. 3 ). S6 currently is interpreted to record a steady increase in ␦ 13 C (VPDB) from +2‰ to +10‰ in the lower half of the sequence in the Fifteenmile Group, whereas in the Mackenzie Mountains the opposite trend is preserved, with a steady decline from +6‰ to 0‰ for the lower half of the interpreted correlative sequence (Halverson, 2006; Macdonald et al., 2012) . In the Shaler Supergroup, C isotopes show a steady decline from ∼4‰ to −1‰ over the same correlated interval Macdonald et al., 2012; Thomson et al., 2015) . We suggest that the chemostratigraphic correlations are tenuous, and that correlation of sequences from the Fifteenmile Group need to be re-evaluated because of poor chemostratigraphic correlation.
Sequence S7 in the Fifteenmile Basin correlates well with T-R5 in the Amundsen Basin and the Ramhead Formation in the Mackenzie Basin, and preserves a negative carbon isotope excursion in all three basins Halverson et al., 2012; Macdonald et al., 2012 , Thomson et al., 2015 . This sequence represents a basin-deepening event that is present across NW Laurentia, so sea-level rise was likely eustatic; although attendant tectonically driven subsidence in each basin probably exaggerated the sediment thickness, particularly in the Reefal assemblage of the Fifteenmile Group. This is an important correlation because the base of this sequence has been dated at 811.5 Ma from a tuff bed in the Reefal assemblage (U-Pb zircon; Macdonald et al., 2010) , and because it contains a pronounced negative carbon isotope excursion that can be correlated with the global Bitter Springs Stage Macdonald et al., 2012) .
Sedimentation rates for the Fifteenmile Group are interpreted to have been high due to rapid generation of accommodation by extensional faulting that also was responsible for abrupt thickness and facies changes . Gravity-driven slope deposits, such as olistoliths and talus breccias, as well as prograding stromatolite reef complexes, dominate lithofacies of the Reefal assemblage and Craggy dolostone . Extension-controlled accommodation appears to have been rapidly infilled within the Fifteenmile basin. This contrasts with the slow sedimentation rates inferred for the Shaler Supergroup, where deposition occurred on a slowly subsiding carbonate ramp dominated by shallow-marine facies, such as mud-cracked dololutite, molar-tooth mudstone, and biostromal stromatolites that produced a layer-cake stratigraphy (Thomson et al., 2014) . We therefore expect that the stratigraphy of the Shaler Supergroup should be condensed relative to the Fifteenmile Group, rather than the opposite, as was suggested by Macdonald et al. (2012) . Unless there is a significant hiatus, which may be recorded in a mudcracked, weakly karstic, subaerial exposure surface reported from the top of the Gibben Formation Macdonald et al., 2012 ), it appears unlikely that the base of the Fifteenmile Group could be much older than ∼900 Ma, given the 811.5 Ma age from an ash layer in the upper the Reefal Assemblage (Macdonald et al., 2010) . The Boot Inlet Formation of the Shaler Supergroup has a Re-Os depositional age of 892 ± 13 Ma from drill-core samples of black shale (van Acken et al., 2013) , and there is an additional 1.5 km of strata preserved below it. We propose that the Fifteenmile Group does not correlate with the lower Mackenzie Mountains or Shaler supergroups (Fig. 3) , but instead only with the upper Mackenzie Mountains Supergroup (Little Dal Group) and the upper Shaler Supergroup (Boot Inlet to Kilian formations).
Cause of cyclicity
Despite the Amundsen Basin being an intracontinental sag basin prior to deposition of the Kilian and Kuujjua formations (Rainbird, 1993) , subsidence does not appear to have been gradual; rather it was rhythmic and generally outpaced sediment flux. Cyclic deposition during this time period was not all symmetrical or harmonious (Figs. 4 and 5) , and difficult to correlate with other basins (Fig. 3) . The overall depositional trend of the studied stratigraphic interval is transgressive, although there are sections within which parasequence stacking is consistent with regression.
Most cyclicity in the rock record is attributed to eustasy caused by climate change, oceanic ridge pulses, rhythmic basin subsidence, and the expanse or retreat of glaciers (i.e. glacioeustasy). Although the late Neoproterozoic is noted for global scale, low latitude glaciations, the studied formations were deposited between 850 and 750 Ma (van Acken et al., 2013) , before the first midCryogenian glaciation (Kendall et al., 2006; Smith, 2009) . Therefore, glacioeustacy likely was not the driver for the documented cyclicity, however there may not be a record of contemporaneous glaciation. Other possible drivers for sea-level change are difficult to attribute specifically to the cyclicity documented from the Amundsen Basin. Greater understanding of causal factors may come from correlation with coeval sequences worldwide, for example with the Amadeus Basin of central Australia (Rainbird et al., 2012) , however given the current lack of geochronological constraints, assigning causality to global cyclicity is difficult.
Basin duration, subsidence patterns and tectonostratigraphy
Lacking biostratigraphic controls and dated tuff beds, constraints from detrital zircon geochronology indicate the maximum duration for deposition of the Shaler Supergroup was approximately 400 million years (Rayner and Rainbird, 2013;  Fig. 2 ), equivalent in Phanerozoic time from the base of the Devonian to the present day, although sedimentation was likely not continuous. This is not an unreasonable estimate if it is accepted that the upper half of the succession was deposited in approximately 180 million years (van Acken et al., 2013) . Nevertheless, the Amundsen Basin appears to have been long-lived and its fill relatively thick (∼4 km) for an intracontinental basin (cf. Allen and Armitage, 2012) . The duration of deposition of the Wynniatt Formation is also poorly constrained, but is estimated to have been 50-100 million years, and is up to 1 km at its thickest, in the southwest Minto Inlier. There are other examples of long-lived Paleozoic intracontinental basins, for example, the Williston Basin in Saskatchewan (∼400 m.y.; Xie and Heller, 2009) , the Northeast German Basin (∼300 m.y.; Xie and Heller, 2009) , and the Hudson Bay Basin (Upper Ordovician to present; Pinet et al., 2013) . Long et al. (2008) determined that there are at least five, unconformity-bound, supersequences (i.e. Sloss-style secondorder cycles) in the Shaler Supergroup, implying that there were lengthy hiatuses between sequences, and that unconformities may separate discrete sub-basins or tectonic stages (cf. Krapez, 1997) . Sequence sB4 , and its component T-R cycles (T-R2 to T-R5), likely were deposited in one of these discrete, unconformity-bounded basins, separated from the underlying succession by a karstic unconformity at the top of the Boot Inlet Formation (Narbonne et al., 2000) . This would imply that the surface separates different tectonic stages of the Amundsen Basin (Fig. 8) , although it does not imply those tectonic stages were unique to the Amundsen Basin. Separate tectonic stages were described for the Ogilvie and Mackenzie basins Macdonald et al., 2012) , but it was not established whether they were of the same rank as the unconformity-bounded sequences recognized in the Amundsen Basin. The episodic pattern of basin subsidence described is consistent with Paleozoic intracontinental basins such as the Michigan Basin, where four subsidence episodes (or tectonic stages) were identified using stratigraphic geometry, backstripping of subsidence rate, and depositional facies architecture (Howell and van der Pluijm, 1990) . This suggests there is nothing novel about dividing the Amundsen Basin into unconformity-bound sequences that each relate to a different tectonic stage. The Fig. 8 . Composite lithostratigraphy, T-R stratigraphy, sequence stratigraphy, and tectonostratigraphy of the Jago Bay, Minto Inlet, Wynniatt, Kilian, Kuujjua, and Natkusiak formations. Lithostratigraphy and T-R stratigraphy of the Kilian Formation after Rainbird (1993) . Supersequence boundaries after Young et al. (1981) and sub-sequence boundaries after Long et al. (2008) . MDA -maximum depositional age. implication is that the stratigraphic succession of the Amundsen Basin is the product of stacked tectonic stages, each with a possibly different tectonic driver and subsidence regime.
We identify three different tectonostratigraphic units for the upper Shaler Supergroup, Stages 1-3 (Fig. 8) . Stage 1 comprises T-R cycles 1 to 5 (of sB3 and sB4), which document a sag phase of basin development. This stage probably also includes underlying strata not discussed in this paper. Stage 2 comprises sequence sB5 , which is made up of T-R cycles 1 to 4 of Rainbird (1993) , and documents a period of active extension in the Amundsen Basin that is expressed through synsedimentary faulting interpreted to have been caused by plume-related thermal doming (Rainbird, 1993) . Stage 3 comprises the Kuujjua (fluvial sandstone; Rainbird et al., 1992) and Natkusiak (flood basalts) formations that record the rifting stage of the Amundsen Basin.
The lack of extensional faulting, lateral continuity of strata, and predominance of shallow-water facies in the Amundsen Basin, supports sagging as the subsidence mechanism during Stage 1 (Figs. 3 and 8) . The question is: what did that subsidence relate to? If it related to thermal decay, then it presumes there was a prior period of lithospheric stretching or asthenospheric doming. This sag phase of basin formation in the Amundsen Basin precludes the more active extensional phase of subsidence that accommodated the overlying Kilian, Kuujjua, and Natkusiak formations (Stages 2 and 3) in rift-controlled basins. The subsequent thermal decay and flexural subsidence phases (i.e. drift phase), after ocean opening, is not preserved or exposed in Minto Inlier, but is preserved in the Windermere Supergroup in the Mackenzie Mountains (e.g. Ross, 1991) . Therefore, the combined Jago Bay, Minto Inlet and Wynniatt formations (Stage 1, T-R1 to T-R5) relate to subsidence that preceded the breakup of Rodinia along the north-northwest margin of Laurentia. Macdonald et al. (2012) attributed post-830 Ma subsidence throughout NW Laurentia to extension and subsequent thermal decay associated with Rodinia passing over a mantle plume. That passage seemingly culminated at the emplacement of the 780 Ma Gunbarrel dykes and Tsezotene Sills (Harlan et al., 2003) . This interpretation is based on the assumption that the conjugate margin to NW Laurentia was South China (Li et al., 1995) . There was therefore a global-tectonic, mechanistic link between basin initiation in China, Australia, and Laurentia at ∼830 Ma, and emplacement of the Gairdner and Guibei LIPs between ∼830 and 810 Ma (Wingate et al., 1998; Li et al., 1999; Macdonald et al., 2012) . The tectonic event correlates stratigraphically to the basin-forming event that accommodated the Reefal assemblage and Craggy dolostone (Fifteenmile Group), Little Dal Group (Mackenzie Mountains Supergroup), and possibly the Fort Collinson, Jago Bay, Minto Inlet, and Wynniatt formations (Shaler Supergroup). The maximum depositional age of the Fort Collinson Formation is 891 ±22 Ma (Rayner and Rainbird, 2013) and is interpreted as high-energy, marine-reworked fluvial sandstone (Young and Long, 1977; Rainbird et al., 1996) . This sandstone may record the initial transgression of this isolated basin event in the Amundsen Basin, supporting the timing of the subsidence model of Macdonald et al. (2012) . The Gayna Formation of the Little Dal Group (Mackenzie Mountains Supergroup) is considered stratigraphically correlative with the Fort Collinson Formation, and is composed of high-energy, cross-bedded oolitic dolograinstone (Turner and Long, 2012) , and therefore also represents a transgressive unit overlying the Silverberry/Stoneknife formations. It is important to note however, that there is no magmatic evidence for an ∼830 Ma plume event in Laurentia, and that the 830 Ma event preceded the Franklin LIP by >100 million years, and the Gunbarrel LIP by 50 million years (Harlan et al., 2003) . In fact, there is no evidence of an 830 Ma igneous event in Laurentia.
The tectonostratigraphic model of Macdonald et al. (2012) is nullified if the conjugate margin to northwest Laurentia was not South China. Regardless of the tectonic figuration, the most feasible interpretation of subsidence in the Amundsen Basin from ∼900 to 780 Ma is multiple cycles of intra-plate extension that complemented coeval fault-controlled subsidence, sedimentation and volcanism of the same age in the Mackenzie and Ogilvie basins.
Inferences for the break-up of Rodinia along the northwest margin of Laurentia
Rift basins are by definition associated with extensional faulting, and have stratigraphic architectures pinned to rift-margin faults and fault-bound compartments. Although intracontinental basins lack obvious basin compartments and extensional faults, they typically lie inboard of rifted continental margins and have the same timing, but the causal mechanism for their subsidence has been much debated (e.g. Allen and Armitage, 2012) . The Neoproterozoic successions of NW Laurentia present a similar spatial and temporal relationship between rift basins and intracontinental basins.
Sequence B strata that accumulated in NW-facing rift-basin margins are well documented from the Mackenzie Mountain Supergroup and Fifteenmile Group strata in the northern Cordillera ( Figs. 2 and 3 ; Turner and Long, 2008; Macdonald et al., 2012) . In contrast, coeval strata in the Shaler Supergroup were not associated with basin-margin faults or intrabasinal fault-bound compartments. Therefore, while faulting and extension were active in the Mackenzie and Ogilvie Mountains, the Amundsen Basin was subject to a passive subsidence regime up to and including deposition of the Wynniatt Formation (Stage 1, Fig. 8 ). There is evidence for thermal doming and extensional faulting during deposition of the overlying Kilian and Kuujjua formations (∼780-720 Ma). Rainbird (1993) reported stratigraphic thinning, erosional beveling, and block faulting in those formations, and interpreted that this was consistent with crustal doming that accompanied mantle plume upwelling before the emplacement of the ∼720 Ma Franklin LIP (Stage 2, Fig. 8 ). Despite the contrasts in stratigraphic architecture, these are coeval responses to regional-scale tectonic events, implying that subsidence drivers for the Amundsen Basin were somehow linked to those of the coeval rift basins in the northern Cordillera (Fig. 3) .
That deposition of Sequence B strata south and west of Minto Inlier was already, at least in part, controlled by rift-related extensional faulting, has implications for correlation of higher-order basin events across northwestern Canada. Only deposition that responded to global (e.g. eustatic) controls may be registered in each basin, hence, the correlation of T-R5 in the Amundsen Basin with S7 in the Fifteenmile Basin . In post-Wynniatt strata (Stages 2 and 3), rift signals extended along the entire northwest margin of Laurentia, supporting multi-stage, diachronous, non-correlative break-up of Rodinia.
Conclusions
• The Jago Bay Formation is part of Sequence sB3 and Minto Inlet and Wynniatt formations fit with Sequence sB4 of Long et al. (2008) , and comprise one T-R cycle. Sequence sB4 has been further subdivided into four T-R cycles. T-R2 is composed of the Minto Inlet Formation and the basal part of the Lower Carbonate member, Wynniatt Formation. T-R3 comprises the remainder of the Lower Carbonate member, Black Shale member, and basal part of the Stromatolitic Carbonate member of the Wynniatt Formation. The boundary between T-R3 and T-R4 is a subaerial unconformity representing a hiatus of unknown duration. T-R4 comprises the remainder of the Stromatolitic Carbonate member, and the boundary between it and T-R5 lies at the base of the Upper Carbonate member of the Wynniatt Formation. T-R5 comprises the Upper Carbonate member, and its upper boundary corresponds to the formational boundary with the Kilian Formation, as well as the base of sequence sB5 ).
• T-R cycles are difficult to correlate regionally between basins because accommodation was greatly controlled by local tectonic factors (e.g. in the Fifteenmile basin). The exception appears to be sequence S7 from the Fifteenmile Group and the coeval T-R5 defined here, which reflect a significant regional-scale deepening event that may relate to the onset of a global-scale marine transgression. Macdonald et al. (2012) , or may be related to intra-plate stresses related to some other cause of extension forming fault-bound rift basins in the Mackenzie Mountains and Fifteenmile basins.
• Analysis of pre-rift strata in the Amundsen Basin supports multiphase, non-correlative break-up of Rodinia along the northwest margin of Laurentia.
